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Abstract: Heavy metals are metals with relatively high density and toxic at very low concentrations.
The common heavy metal pollutants can be traced everywhere in minimal quantities. Heavy metals
contaminate aquatic environments through various sources like industrial waste, domestic effluents,
atmospheric sources, and other metal-based industries, E-Waste. Aquaculture is the rearing of aquatic
animals and other organisms. Heavy metal toxicity is responsible for the degradation of the population
of aquaculture, causing physical deformities in organisms and polluting the aquatic environment. These
toxic heavy metals cause various diseases in fishes. As fishes are part of human consumption, it is
indirectly affecting humans also. The food chain is greatly impacted by the introduction of heavy metals
in water bodies & aquatic ecosystems. These heavy metals have greater significance on the environment
as they persist for longer durations and have bioaccumulative capacities causing degradation of water
health.
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1. Introduction
Heavy metals are any metallic element that has high density and are toxic even at lower
amounts [1]. Some of the common heavy metals are mercury, lead, arsenic, chromium,
cadmium, thallium, etc. These are also known as trace elements, e.g., zinc, copper, and
selenium. These heavy metals are necessary to maintain body metabolism but are toxic to the
body when they are present in higher concentrations. Sources of heavy metals in the bodies are
entered through food, air, and drinking water [2]. There are different ways for these metals to
get deposited into the aquatic environment like various natural and anthropogenic sources,
through industrial and domestic sewage, leaching from landfills, storm runoff, shipping, and
harbor activities and atmosphere also [3,4]. Metals have a bioaccumulative nature.
Bioaccumulation means the accumulation over time of a substance and especially a
contaminant (such as a pesticide or heavy metal) in a living organism. Such compounds in
living things are stored at a faster rate and are not easy to metabolize or excrete [5]. The excess
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quantities of heavy metals are detrimental as these destabilize the ecosystems because of their
bioaccumulation in organisms and elicit toxic effects on biota and even death in most living
organisms [6]. The contaminants of metals remain either insoluble or suspension form in
aquatic systems. These contaminants descend at the bottom or are carried by aquatic organisms
[7]. Heavy metal toxicity in aquatic organisms is greatly affected by several factors, including
alkalinity, hardness, pH, dissolved oxygen, temperature, and turbidity [8]. The pH of an aquatic
environment influences heavy metal speciation. It also affects the physiology of aquatic biota,
which in turn can modify the susceptibility of these organisms to heavy metals [9]. Fishes are
broadly used for the evaluation of the well-being of aquatic ecosystems. Pollutants in the food
chain are accountable for unfavorable effects and death in aquaculture [10]. Fishes cannot flee
from the harmful effects of these pollutants among aquatic organisms. Thus growth, health,
survival, and development of these fishes are affected [11]. Heavy metals are potent
neurotoxins in fishes. The synergy of heavy metals with biochemical inducements in fish may
prevent the communication of fish with their surroundings [12]. Fishes are the major source of
vitamins, protein, polyunsaturated fatty acids, and minerals that are eaten by human beings.
These heavy metals in the aquaculture can cause diseases like Minamata (Organic Mercury
Poisoning). The bioaccumulation of Heavy metals may pose great hazards to the health of
humans and animals that rely on water bodies [5,13].
2. Sources of heavy metal contamination in aquatic environment
Heavy metals in surface water systems can come from natural or anthropogenic sources.
Geological/natural sources include volcanic eruptions, weathering of metal-containing rocks,
sea-salt sprays, forest fires, natural weathering processes that can commence to the discharge
of metals from their endemic skies to different environmental sections. Hydroxides, oxides,
sulfides, sulfates, phosphates, silicates, and organic compounds are some of the forms in which
heavy metals can be found out [14, 15].

Figure 1. Diffrent sources of contamination heavy metal in water & aquaculture.

2.1. Volcanic eruptions.

Volcanic ash is the most widely-distributed product of explosive volcanic eruptions,
and areas hundreds of kilometers distant from an erupting volcano can receive ash falls. Even
minor quantities of ash can disrupt the water system [16]. Volcanic ash falls on the water
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system causing water contamination with turbidity, acidification, and low pH. Surface coatings
on fresh volcanic ash are highly acidic due to the influence in the plume of aerosols composed
of the strong mineral acids H2SO4, HCl and HF. Therefore, when freshly-erupted ash comes
into contact with water, it has the potential to lower the pH beyond acceptable limits for the
protection of aquatic life [17]. Global inclinations of industrialization and urbanization have
led to accession in the anthropogenic portion of heavy metals in the atmosphere [18]. Common
anthropogenic origins of heavy metals are mining, smelting, power plant waste, industrial and
agricultural activities. Certain metals are discharged during mining and extraction of various
elements from their ores. Dry and wet deposition is responsible for heavy metals discharged to
the atmosphere through mining, smelting, and other industrial processes. Discharge of
wastewaters such as manufacturing effluents and domestic excrement supplement heavy metals
to the environment [19]. Anthropogenic methods of heavy metals have been recorded to went
ahead than the natural fluxes. Elements generally emitted in wind-blown dust are frequently
from industrialized zones. Some major causes which significantly contribute to the heavy metal
pollution in the surroundings comprise vehicle exhaust, which discharges lead; smelting, which
frees arsenic, copper, and zinc; insecticides that liberate arsenic and burning of fossil fuels
which release nickel, vanadium, mercury, selenium, and tin. Individual actions add more to
environmental deterioration due to the daily production of assets to match the desires of the
huge community [20].
2.2. Industrial effluents.

Municipal waste, domestic sewage, industrial waste directly discharged into the natural
water system are some of the major causes of pollution. Untreated waste discharge leads to
water contamination. The major source of contamination of surface and groundwater water is
the discharge of manufacturing effluents without treatment inside the water bodies [21].
Wastewater, which comprises several microorganisms, heavy metals, nutrients, radionuclides,
pharmaceutical, and personal care products, all find their way to surface water resources
causing irreversible damage to the aquatic ecosystem and to humans as the aesthetic value of
such water is compromised. These pollutants decrease the supply of usable water, increase the
cost of purifying it, contaminate aquatic resources, and affect food supplies [22]. Pollutants
like acid, a toxic metal, agrochemicals, dyes, and other untreated waste discharged from
industries cause water pollution. Discharged products which often result in pollution, also
results in loss of biodiversity in the aquatic ecosystem, and do also cause possible health risks
related to cholera, diarrhea, etc., in humans.
2.3. Agriculture activities.

Agricultural systems have expanded and intensified in response to the ever-increasing
demand for food. The overuse and misuse of agrochemicals, water, animal feeds, and drugs
designed to increase productivity have resulted in higher pollution loads in the environment,
including rivers, lakes, aquifers, and coastal waters. Aquatic ecosystems are also affected by
agricultural pollution; for example, eutrophication caused by the accumulation of nutrients in
lakes and coastal waters has impacts on biodiversity and fisheries. Agricultural systems have
expanded and intensified in response to the ever-increasing demand for food [23]. Farms
discharge large quantities of agrochemicals, organic matter, drug residues, sediments, and
saline drainage into water bodies. The resultant water pollution poses demonstrated risks to
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aquatic ecosystems, human health, and productive activities [24]. Agricultural Waste released
into aquatic habitats has led to several deleterious effects on aquatic organisms, including fish,
concentrates pollutants right from polluted water, and lengthily through the food chain.
Insecticides, herbicides, and fungicides are applied intensively in agriculture in many countries.
When improperly selected and managed, they can pollute water resources with carcinogens
and other toxic substances that can affect humans [25].
2.4. Mining.

Environmental pollution by heavy metals is very prominent in areas of mining and old
mine sites, and pollution reduces with increasing distance away from mining sites [26]. Mining
is the extraction of minerals and other geological material from deposits of earth. Mining
Industry works to extract the metals and minerals that our society needs for agriculture,
housing, music, telecommunication, the environmental industry, construction, space
exploration, and medicines. Water pollution is a major concern for mining activity [27]. Large
amounts of water produced from mine drainage, mine cooling, aqueous extraction, and other
mining processes increases the potential for these chemicals to contaminate ground and surface
water. Surface water is principally degraded by various factors like an accidental spill of toxic
chemicals, erosion of waste material, or discharging of contaminant water from mines [28].
2.5. Electroplating.

Electroplating is a plating method that utilizes electrical flow to decrease cations of a
coveted substance from a solution and coat a conductive gadget with a thin layer of the material,
such as a metal. It is principally employed for dropping a layer of metal below the desired part
(e.g., abrasion and wear resistance, corrosion protection, lubricity, aesthetic qualities, etc.) to a
surface that otherwise lacks that property. Electroplating industries effluent contaminate air,
water, and soil. Electroplating is a major polluting industry because it discharges toxic
materials and heavy metals through water, air emissions, and solid waste in an environment
that various processing industries have reported containing high amounts of heavy metals such
as nickel, iron, lead, zinc, chromium, cadmium and copper [5, 29].
2.6. Electronic waste/E-waste.

The uncontrolled dumping and inappropriate recycling of e-waste pose serious threats
to human health and the environment at large [30]. The toxic chemicals that exist in e-waste
include a wide range of heavy metals, such as lead (Pb), cadmium (Cd), mercury (Hg),arsenic
(As), and nickel (Ni), and also persistent organic compounds, such as brominated flame
retardants (BFRs) and phthalates. Other chemicals that appear in e-waste include
polychlorinated biphenyls (PCBs), nonylphenol (NP), and triphenyl phosphate (TPPs), among
others [31]. E-wastes are the known major source of heavy metals, hazardous chemicals, and
carcinogens. Certain diseases related to skin, respiratory, intestinal, immune, and endocrine
and nervous systems, including cancers, can be prevented by proper management and disposal
of E-waste. With a view to bridging the digital divide, there is exponential growth in the use of
Electrical and electronic equipment (EEE), and so there is an alarming effect on the
environment and human health when the ICT wastes are not disposed of scientifically. There
is an emergent need to implement the existing policies and guidelines in line with the
international standards and practices for a healthy E-waste management system [32].
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2.7. Biomedical waste.

Medical waste contains body parts, organs, tissues, blood, and body fluids along with
soiled linen, cotton, bandage, and plaster casts from infected and contaminated areas along with
used needles, syringes, and other sharps. It contains pathogens in mass, in their invisible forms.
Water pollution can also be caused due to biological, chemical, and radioactive substances.
Leaching out of pathogens can pollute the water and may cause diseases. Heavy metals present
in a chemical waste can also cause water pollution. They can enter into biological systems
through the process of biological magnification. Pollution of water bodies can alter parameters
such as pH, BOD, DO, COD, etc. and may further become toxic for flora and fauna of the water
body [33]. The improper disposal of biomedical waste may have a negative impact on the water
quality as different pollutants may leach out from the waste dumping sites into the groundwater.
Biomedical waste contains a high concentration of heavy metals and polycyclic aromatic
hydrocarbons (PAHs), and results in unfavorable amounts of hazardous materials and may
pollute surface and groundwater [34].
2.8. Power plants.

Nuclear and fossil fuel plants produce significant thermal pollution to bodies of water.
Thermal water pollution is the degradation of water quality due to a change in ambient water
temperature [35]. According to the Environmental Protection Agency (EPA), thermoelectric
power plants alone contribute 50 percent to 60 percent of all toxic pollutants discharged to
surface waters by all industrial categories under the Clean Water Act (CWA) [36]. Among the
various types of thermoelectric generating units, coal-fired plants are the biggest source of that
toxic pollution. Out of the 1,100 steam-electric facilities currently operating in the United
States, about half are coal-fired power plants. Every year, these plants dump millions of tons
of toxic heavy metals such as arsenic, selenium, lead, mercury, boron, and cadmium into
waterways across the nation [36, 37]. Multiple issues occur concurrently when heated water is
released into an aquatic ecosystem. The most immediate change is a decrease in dissolved
oxygen levels and a rise in pH. Warm water cannot hold as much dissolved oxygen as cold
water, and organic matter decomposes faster in warmer temperatures. The increase in
decomposed aqueous nutrient concentrations causes eutrophication, most commonly realized
as algae blooms, which block sunlight for underlying aquatic plants. The abundance of algae
is an easy food source for aerobic microbes that soar in the population and further deplete the
dissolved oxygen. Low oxygen levels create hypoxic dead zones that cannot support most
aquatic organisms [38, 39]. Additionally, rapidly heated water accelerates the metabolism of
cold-blooded aquatic animals like fish, causing malnutrition due to insufficient food sources.
Since the environment usually becomes more inhospitable to the area’s aquatic fauna, many
species leave while more vulnerable species may die, changing the biodiversity of both the
original and invaded locations. These effects are especially dramatic near coral reefs, the home
of over 2 million aquatic species and roughly 25% of all marine life [40].
3. Effect of heavy metal on aquatic environment & aquatic health
Unlike organic chemicals, the majority of metals cannot be merely metabolized into
less toxic compounds, a characteristic of them being the death of biodegradability. Once
introduced into the aquatic setting, metals are redistributed throughout the water column,
accumulated in sediments, or consumed by aggregation [41]. Because of the activity and
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remobilization processes of metals, the sediments represent a semi-permanent offer of
contamination to the natural phenomenon. Metal residues in contaminated habitats have the
flexibleness to bioaccumulate in aquatic ecosystems—aquatic flora and fauna [42], which, in
turn, would possibly enter into the natural human phenomenon and result in health problems
[43]. Metal accumulation in sediments happens through processes of precipitation of positive
compounds, binding fine solid particles, association with organic molecules, co-precipitation
with metal or Mn oxides or species delimited as carbonates—according to the physical and
chemical conditions existing between the sediment and conjointly the associated water column
[44, 45]. Metal bioavailability is made public as a result of the fraction of the general
concentration of the metal that has the potential to accumulate at intervals in the body. The
factors that management the bioavailability of metals are the following: the organism biology
(metals assimilation efficiency, feeding ways, size or age, generative stage); metal natural
science (distribution in water—sediment, suspended matters, and metal speciation) [46, 47];
physical and chemical factors (temperature, salinity, pH, ionic strength, the concentration of
dissolved organic carbon, total suspended solids) [48, 49]. Metal bioavailability controls their
accumulation in aquatic organisms. The metals up taken ways are through the receptive stratum
if metals are in dissolved forms or through the food intake if metals are in particulate forms.
Metal biological processes, the presence of organic or inorganic complexes, pH, temperature,
salinity, and reaction conditions [50] are the foremost factors that will modulate metal toxicity.
The intake uptake depends on similar factors, and therefore the speed of feeding, enteral transit
time, and conjointly the digestion efficiency [51]. Many studies have shown that the free
hydrated metallic particle is the foremost bioavailable sort for metal, Cd, Zn [52], and elements
[53], but some exceptions are reported [54]. Thus, the importance of different chemical kinds
of dissolved metals and complexes designed with applicable organic ligands with low relative
molecular mass shouldn’t be neglected. It has been found that the presence of organic binders
can increase the bioavailability of Cd in mussels and fish by facilitating the diffusion of the
hydrophobic compound at intervals in the lipid membrane. The organic compounds of metals
are also further bioavailable than the ionic forms [55]. The mercurial organic compounds are
macromolecules-soluble and penetrate the lipid membranes quickly, increasing the toxicity
compared to corrosive sublimate that won’t lipid-soluble [56]. The action on suspended solids
affects the general concentration of metals gifts in water. The association between solid
particles and metals is also important for the metal uptake into organisms through food intake
[57]. The suspended solids accumulate the insoluble metal compounds, but beneath positive
conditions, the metal reaches the gap water being dissolved. Important metal concentrations
from sediments or suspended solids are loads of over in the water, so a tiny low fraction of
them is also a really necessary offer for bioaccumulation in organisms and benthic organisms
[58]. The dynamics of varied kinds of metals at intervals in the aquatic setting are not all
understood, so new studies are required to research the varied accumulation/bioaccumulation
pathways supported by dissolved or suspended metal forms. Different studies highlighted that
bioavailability of metals in bivalve mollusks depends on sediment particle size because of their
filter-feeding behavior. If the particles were coated with living things, polymers, or fulvic acids,
the Cd, Zn, and Ag bioavailability were significantly exaggerated. Overall, the binding of metal
reduced the bioavailability of metals from the sediment [54, 59]. Both freshwater and marine
ecosystems are endangered by pollution. The decomposition of water sources by heavy metals
is a notable environmental concern that unfavorably affects plants, animals, and human health.
Freshwater fish are manifested to several toxic heavy metals discharged to water bodies from
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various sources. Pollution of aquaculture by heavy metals has heightened an extensive global
point because it exhibits a threat to fish and has health risks to fish buyers [60].
3.1. Effect of heavy metal on aquaculture.

The major source of water pollution is heavy metals, as it annihilates the economically
prestigious species either indirectly through dissecting the biological chain or directly affects
toxic strain through chemical modifications in water [61]. Heavy metals enter fish bodies in
three potential ways: by gills, by the body surface, and by the digestive tract. Immediate uptake
of metals from the water is done by gills [62, 63], while the body surface is normally guessed
to take a lesser part in the uptake of these elements in fish [64]. Concentrations of metals in
tissues thus cause many biochemical, physiological, and histological alterations in the fishes
and other freshwater fauna by changing the activities of various enzymes and metabolites [65].
Fish is one of the universally distributed organisms in the aquatic ecosystem, and being
receptive to metal poisoning may display the amount of the biological effect of metal pollution
in waters [66]. The process of uptake in fish is peculiar in diverse species according to varied
factors, i.e., the developmental, psychical agents, and the lifetime of the fish [67]. Fish
inhabiting contaminated waters conduct to store heavy metals in their tissues. Usually,
collection depends on metal intensity, duration of expression, way of metal uptake,
environmental circumstances (temperature, pH, hardness, salinity), and inherent agents such as
fish age and feeding habits. Many metals present varying magnetization to fish tissues. Most
of the certain metals accumulate mainly in the liver, kidney, and gills. Fish muscles matched
to the other tissues; usually carry the deepest levels of metals. , The collection of heavy metals
in several organs of fish may cause skeletal lesions and operative disturbances [68].
3.1.1. Effect on growth rates & development.

Heavy Metals are known for hitting every part or organ of fishes. Some of these
particular elements, like Lead, Arsenic, Cadmium, and Chromium, show disadvantageous
impacts on aquaculture. Lead originates from both anthropogenic as well as natural sources.
The expression of Pb can cause many influences, depending on the concentrations and duration
of Pb exposure. The maturity of a fish from fry is restrained by huge concentrations of Pb [69].
Cadmium and lead bind to calmodulin, a sensor protein of free calcium influencing several
cellular functions. Cadmium is recognized to degrade the activity of various catalysts of
oxidative metabolism: citrate synthase, succinate dehydrogenase (SDH), glucose-6-phosphate
dehydrogenase (G6PDH), and lactate dehydrogenase [70-73].
3.1.2. Effect on the reproductive system.

Various studies on fishes like Noemacheilus barbatulus, Perca fluviatilis, Catostomus
commersoni, Oreochromis mossambicus, and Oreochromis aureus revealed that higher
concentrations of zinc, lead, cadmium, copper, mercury, and cadmium were observed in the
gonads of fishes. This led to the contamination of eggs and sperm and skeptically affected fish
fertility and embryonic maturation [74-78]. Methylmercury caused a notable diminution in the
motility of sperms. Heavy metals have disrupted the morphology of embryos as well as the
metabolic process of fishes [79]. Anatomical and functional disturbances during embryonic
development resulted in a reduced number of hatched larvae. Several newly hatched larvae
died just after hatching due to lead and copper absorptions [80]. Hg altered embryos show
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cardiovascular troubles (heart underdevelopment—ventricle deficiencies and abnormal heart
distribution; in extreme cases, the heart was a defectively beating tube inefficient to pump
blood, and sometimes the heart was missing—no cardiac muscle tissue was recognized; the
embryos also pointed blood clots and hemorrhages); (2) skeletal abnormalities; (3) cranial
distortions [81]. Heavy metal sensitivity corrupts estrogenic and androgenic secretion and
produces pathological differentiation in fish [82]. The varied pollutants such as industrial and
agriculture waste, pesticides, and heavy metals have histopathological outcomes on the
reproductive tissues of fish gonads [83, 84]. These issues may disrupt the maturity of the germ
cell and may diminish the capacity of the fish to breed [85].
3.1.3. Effect on Gills and respiratory damage.

Heavy metals enter fish bodies in three potential ways: by gills, by the digestive tract,
and by body surface. The gills are recognized as a notable site for the primary uptake of metals
from the water [86, 87]. Zinc accumulates on the gills of fish. It implies a disheartening effect
on tissue respiration turning to hypoxia, which terminates in death. Zinc contamination also
stimulates changes in ventilator and heart anatomy [88]. Zinc is an indispensable toxicant to
fish which disrupts gill tissue, causes distress of acid-base and ion regulation, and hypoxia [89,
90]. Some species of fishes have a toxic impact of chromium as repeated in the blood changes
such as eosinophilia, anemia, lymphocytosis, renal and bronchial lesions. Chromium is known
for its minor accumulation in fish bodies, while the higher intensities of Cr damage the gills of
fish swimming near the point of Cr distribution [91].
3.1.4. Neurotoxic effect.

Important heavy metal for neurotoxicity is mercury. While others contribute to
neurotoxicity, Hg is significant in affecting fishes as well as humans. Monomethyl Hg provokes
damage to the brain, while fetal and postnatal expressions have given rise to an abortion,
congenital deformity, and development differences in young fry. Hg poisoning of waterways
in Japan. The Hg toxicity (by methyl Hg) and Minamata disease exhibited significant
neurotoxicity [92].
3.1.5. Effect on blood & circulatory system.

Nickel is required in small quantities to assemble red blood cells (RBCs), but it becomes
imperceptibly toxic in abundant quantities. Cadmium is associated with causing an accession
in blood pressure and myocardial disease in fishes [92]. According to research, mercury
induces harm to the blood vessels, hemorrhages, and depletion of the blood cell count of a fish.
chromium influences the blood following anemia, eosinophilia, and lymphocytosis, bronchial,
and renal injuries [81, 91].
3.1.6. Genotoxic effect.

Arsenic behaves to coagulate protein; it makes associations with coenzymes and
restrains the generation of adenosine triphosphate (ATP) throughout respiration [93]. It is
perhaps cancer-causing in aggregates of all its oxidation states, and high-level expression can
cause death [94, 95]. Notwithstanding the carcinogenic outcomes of heavy metals that are not
known well, several studies suggest genotoxic effects may exist [96]. Arsenic composites
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restrain DNA repair and provoke chromosomal derangements, sister-chromatid transfers, and
micronuclei development in cells [97]. Carcinogenic metals, including cadmium, arsenic,
nickel, and chromium, have correlated with DNA destruction by base-pair deletion, mutation,
or radical oxygen attack on DNA [98].
3.1.7. Physiological damage.

Several histological modifications like gill mortification or fatty degeneration of the
liver happen at intervals in the fish and crustaceans [99, 100]. Cadmium, nickel, mercury,
chromium, lead, and arsenic are accountable for malformations in fishes. Multiple
physiological changes are observed when these heavy metals are present in plentiful amounts.
Shortening of fins, underdevelopment of gills, liver, and fin functions of fingerlings were
common pronouncements in the analyses [101]. In extension to the reproduction, hypoxic
situations, unnecessary stocking and starvation, heavy metals like lead, arsenic, cadmium, and
zinc also induced stress in fish [102, 103]. Stress agents, including pollution, affected growth,
development, and reproduction, are unsympathetically by alternating metabolic, physiological,
and biochemical processes [104, 105].
3.1.8. Effect on lifespan & mortality.

Studies carried out on fish revealed that all heavy metals, even though some of them
are essential for life, have adverse effects on living organisms through metabolic interference
and mutagenesis. These adverse effects are a decrease in fitness, interference in reproduction
that leads to carcinoma, and eventually death [89]. Mortality, reproduction, individual growth
rates, and physiological capacities in fish are most influenced by the toxic consequences of
heavy metals. Inopportune impacts on physiological functions and biochemical parameters
both in blood and tissue of the fish living in metal-polluted waters have been discerned. It has
been informed that fish imperiled to metals showed immune system faults and thus became
vulnerable to infectious diseases and had a more prominent mortality chance [106-113].
4. Intake of heavy metal through food chain
These heavy metals enter our bodies via diet, water, and air to a smaller extent. Some
of these heavy metals, like zinc, copper, and selenium, are crucial for maintaining the
metabolism. But at greater intensities, they can lead to poisoning. Heavy metal poisoning could
emerge from contaminated-drinking water (lead pipes), great ambient air concentrations near
emanation sources, or intake through the food chain. Heavy metals direct to bioaccumulate in
the body and so are vulnerable to humans. Bioaccumulation signifies an accretion in the
absorption of a chemical in an organism, matched to a chemical’s concentration in the
atmosphere [114].
Indeed, the accumulation of metals in food crops and their effects on human wellness
is of prominent interest globally. However, information on geophysical trends may help us
recognize the degree of their consequence on human health. Difficulties may vary across
countries, along with the origin of metallic pollutants, which has been interpreted scantily
[115]. Heavy metals are recognized as toxicants, which exhibit acute disorders in aquatic
animals. Absorption of heavy metals through the food chain in aquatic organisms may produce
several pathological dysfunctions like sporadic fever, cramps, renal damage, and hypertension
in humans. The fish serve a significant purpose for biomagnifications of metals as they stand
https://nanobioletters.com/
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at the tip of the food pyramid and act as permissible transfer media to human beings [116, 117].
Heavy metals can be critically deleterious to individuals, having poisonous and cancerous
effects and generating the oxidative degeneration of biological macromolecules.

Figure 2. People intake heavy metal to the food chain.

5. Heavy metals toxic effect on human health
Heavy metals are actively involved in the rise of numerous diseases, including diabetes,
Alzheimer’s disease, and different forms of cancer [118]. Besides unique metals show specific
indications of their toxicity, the following have been described as general signs associated with
copper, lead, aluminum, zinc, mercury, cadmium, and arsenic, poisoning: gastrointestinal (GI)
dysfunctions, diarrhea, stomatitis, shivering, hemoglobinuria inducing a rust-red depression,
and pneumonia (when volatile vapors and fumes are inhaled). The character of the effects could
be virulent (acute, chronic, or sub-chronic), mutagenic, teratogenic, neurotoxic, or carcinogenic
[119]. Extended exposure may succeed in gradually advancing muscular dystrophy,
Parkinson’s disease, and multiple sclerosis. Allergies are not rare and recurred long-term
association with any metals, or their compounds may even provoke carcinoma [120, 121].
5.1. Lead (Pb).

Lead is a hazardous metal that readily gets accumulated in the human body. It is heavy,
and soft metal exists in the form of sulfide, cerussite (PbCl2), and galena. The main purpose of
the association of lead in the industrial effluent is chiefly due to Lead-acid battery wastewater.
Lead usually appears in wastewaters from industries like electroplating industries, electrical
industries, steel industries, explosive manufacturers, etc. [122]. Lead is frequently deposited in
aquatic systems through electronic wastes. Lead is an unsafe element. Most of the industrial
effluents consist of lead in more prominent quantities. Lead produces memory dysfunction,
hearing quandaries, digestive difficulties in humans. Lead is carcinogenic. Changeless damage
can be created to the Central Nervous System (CNS), Brain and Excretory system when lead
is absorbed in higher volumes [123].
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Figure 3. Heavy metal toxic effect on human health.

5.2. Arsenic (As).

The smelting method of lead, copper, and zinc is responsible for discharging arsenic
into the environment. In addition to it, the composition of chemicals and glasses is also
accountable to produce arsenic. The production of pesticides that comprise arsenic releases
arsine gas [124, 125]. Arsenic has many sources, like industrial wastes, metallic wastes, etc.
Arsenic is pretty dangerous to human wellness as it negatively influences the nervous system;
it undermines muscles and coagulates protein. It can commence cancer. It also influences the
endocrine system, hepatic system, and reproductive system [126, 127].
5.3. Mercury (Hg).

Mercury displays the impact of neurotoxicity when flashed in greater quantity, CNS is
the major target for the element’s vapours. Involuntary Abortion in pregnant ladies is common
when mercury is absorbed in greater concentrations. Broad diversity of cognitive, personality,
sensory, and motor disorders have been proclaimed. Some long-term exposures to elemental
mercury vapor have resulted in unsteady walking, poor concentration, tremulous speech,
blurred vision, performance decreases in psychomotor skills. Chronic cough has been reported
in subjects exposed to elemental mercury vapor for several weeks [128]. Numerous earlier
researchers recommend that inorganic mercury may be embryotoxic and even teratogenic.
Cardiovascular effects and gastrointestinal outcomes have also been seen when mercury is
devoured [129].
5.4. Cadmium (Cd).

Cadmium appears in the form of natural sediments, which consist of other elements. It
is also the most toxic heavy metal found in manufacturing effluents. It plays a major role in
industries like plating, cadmium −nickel battery, phosphate fertilizers, stabilizers, and alloys.
Even at low intensities, the cadmium compounds are hugely destructive and get accumulated
in the ecosystem. Cadmium accumulation may result in “Itai-Itai” disease. It causes the
tempering of the bones and fractures to human beings [130]. Cadmium manifests renal toxicity
when taken in higher amounts. Cadmium was blazoned to cause kidney defect and softening
of bones following long-term or high dose exposure [131], and elevated levels of Cd have been
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proclaimed to cause prostate cancer [132]. Cadmium is accountable for the huge risk of lung
cancer [133].
5.5. Nickel (Ni).

Natural sources of atmospheric nickel include specks of dust from volcanic emissions
and the weathering of rocks and soils. Appearances by inhalation, ingestion, or skin association
occur in nickel and nickel alloy production plants as well as in welding, electroplating,
grinding, and cutting operations. Nickel causes a variety of pathologic effects and is known for
the carcinogenic effect on humans. Skin contact with metallic or soluble nickel compounds can
produce allergic dermatitis. A significant shrinkage in body weight is seen in Nickel
consumption [134]. The prominent effect of nickel overdose is Hair Loss. The most serious
harmful health effects from exposure to nickel, such as chronic bronchitis, reduced lung
function, and cancer of the lung and nasal sinus, have happened in people who have inhaled
dust containing certain nickel compounds [135-138].
5.6. Chromium (Cr).

Because of anthropogenic actions, natural water is being spoiled by this metal. Some
of the species of fishes have a destructive effect on chromium [91]. Various examinations have
explained that chromium composites can advance the danger of lung cancer [139-141].
Damage to the Circulatory and collapse of nerve tissue can also be witnessed in the system.
The residence of Cr with other metals was reported to enhance the glycogen level in several
organs displaying the stress due to the metal exposure [142].
5.7. Zinc.

The sources of zinc waters may be from human activities or from geological rock
weathering such as industrial and domestic wastewater outflows and animals, where it creates
essential roles in maintaining cytoplasmic integrity. Zinc is considered vital for immune
responses. Zinc adds to increasing the risk of cardiovascular diseases. It can cause
hypertension, Nausea, and Stomach Damage. It is also liable for Neurotoxic outcomes on
human health. Zinc can cause psychical dysfunctions when employed in abundance. Several
neural changes are also generated due to the introduction of zinc in the body [67, 143, 144].
6. Discussion
Heavy metals are essential vital elements needed for the proper growth and
development of a human body. An increase in the human population has caused an increment
in industrial waste, medical waste, and pollution. This waste and discharge from various
sources have resulted in water pollution, causing harm to aquaculture. Directly or indirectly,
all waste containing harmful heavy metals is deposited in water bodies. It results in an adverse
effect on the growth and development of aquatic organisms. The use of fertilizers, industrial
effluents, and medical waste is directly associated with groundwater tables that are connected
to nearby freshwater sources. Heavy metals in excess amounts may result in breeding
complications, physical deformities, and even threatening survival capacities. Fishes are one
of the cheapest and easy sources for fatty acids, lipids, and proteins. Fish accounts for nearly
20% of total animal consumption in the world. Fish consumption is an essential part of the diet
for the people living in the areas of seashores and water bodies. Consumption of fish enriched
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in heavy metals may affect not only human health but also disturbs the whole food chain.
Humans may develop grave issues regarding organ failures, physical disfigurement, and even
disturbs mental health.
7. Conclusion
The presence of excess amounts of heavy metals in water figures or aquaculture is an
issue of major concern. Removal of heavy metals from wastewaters is needed to prioritize.
Wastewater must be treated so that contaminants, pollutants, and undesirable components shall
be reduced prior to discharge into freshwater or water sources. Heavy metal detection methods
must be used in industries before discharging the waste into water bodies. Various chemical
methods and instruments must be used to find out the concentrations of heavy metals in
wastewaters. Guidance must be given to these industries recommended by the norms of WHO.
Medical waste should be strictly dumped into specific locations that are not connected to
drainage systems or groundwater tables so that they will not enter the source of water bodies.
Water treatment plants must be set up and used wisely prior to discharge of any effluents in
water bodies. Awareness must be spread among industrial workers, medical cleaning staff,
cleaners, and sweepers, etc. These people will be helpful in reducing waste from various
sources. Special awareness programs must be created for farmers to showcase the harmful
effects of excessive usage of agrochemicals in farming. Guidance should be given to the people
living on the banks of seashore or rivers to test the fishes for the presence of heavy metals prior
to consumption. Regular testing of the water sources shall be carried out by responsible
authorities with newer and advanced techniques. Academic education must involve
methodologies to aware future generations about heavy metals and their toxic effect on the
environment.
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